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FIELD OF THE INVENTION 

The present invention relates to polypeptides to be administered especially to humans and 
5 in particular for therapeutic use. The polypeptides are modified polypeptides whereby the 
modification results in a reduced propensity for the polypeptide to elicit an immune 
response upon administration to the human subject. The invention in particular relates to 
the modification of hirudin to result in hirudin proteins that are substantially non- 
immunogenic or less immunogenic than any non-modified counterpart when used in vivo. 
10 The invention relates fiorthermore to T-cell epitope peptides derived from said non- 
modified protein by means of which it is possible to create modified hirudin variants with 
reduced immunogenicity. 

BACKGROUND OF THE INVENTION 

15 There are many instances where the efficacy of a therapeutic protein is limited by an 
unwanted immune reaction to the therapeutic protein. Several mouse monoclonal 
antibodies have shown promise as therapies in a number of human disease settings but in 
certain cases have failed due to the induction of significant degrees of a human anti- 
murine antibody (HAMA) response [Schroff, R W. etal (1985) Cancer Res. 45: 879-885; 

20 Shawler, D.L. et al (1985) J. Immunol. 135.: 1530-1 535]. For monoclonal antibodies, a 
number of techniques have been developed.in attempt to reduce the HAMA response 
[WO 89/09622; EP 0239400; EP 0438310; WO 91/06667]. These recombinant DNA 
approaches have generally reduced the mouse genetic information in the final antibody 
construct whilst increasing the human genetic information in the final construct. 

25 Notwithstanding, the resultant "humanized" antibodies have, in several cases, still elicited 
an immune response in patients [Issacs J.D. (1990) Sem. Immunol. 2: 449, 456; Rebello, 
P.R et al (1999) Transplantation 6J$: 1417-1420]. 

Antibodies are not the only class of polypeptide molecule administered as a therapeutic 
30 agent against which an immune response may be mounted. Even proteins of human 

origin and with the same amino acid sequences as occur within humans can still induce an 
immune response in humans. Notable examples include the therapeutic use of 
granulocyte-macrophage colony stimulating fector [Wadhwa, M. et al (1999) Clin. 
Cancer Res. 5: 1353-1361] and interferon alpha 2 [Russo, D. et al (1996) Bri. J. Haem. 
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24: 300-305; Stein, Retal (1988) New Engl J. Med. 318: 1409-1413]. In such situations 
where these human proteins are immunogenic, there is a presumed breakage of 
immunological tolerance that would otherwise have been operating in these subjects to 
these proteins. 

5 

This situation is different where the human protein is being administered as a replacement 
therapy, for example in a genetic disease where there is a constitutional lack of the protein 
such as can be the case for diseases such as haemophilia A, Christmas disease, Gauchers 
disease and numerous other examples. In such cases, the therapeutic replacement protein 
10 may function immunologically as a foreign molecule from the outset, and where the 
individuals are able to mount an immune response to the therapeutic, the efficacy of the 
therapy is likely to be significantly compromised. 

Irrespective of whether the protein therapeutic is seen by the host immune system as a 
15 foreign molecule, or if an existing tolerance to the molecule is overcome, the mechanism 
ofimmune reactivity to the protein is the same. Key to the induction of an immune 
response is the presence within the protein of peptides that can stimulate the activity of T- 
cells via presentation on MHC class II molecules, so-called "T-cell epitopes". Such T- 
. cell epitopes are commonly defined as any amino acid residue sequence with the ability to 
20 bind to MHC class n molecules. Implicitly, a "T-cell epitope" means an epitope which 
when bound to MHC molecules can be recognised by a T-celi receptor (TCR), and which 
can, at least in principle, cause the activation of these T-cells by engaging a TCR to 
promote a T-cell response. 

25 MHC Class n molecules are a group of highly polymorphic proteins which play a central 
role in helper T-cell selection and activation. The human leukocyte antigen group DR 
(HLA-DR) are the predominant isotype of this group of proteins however, isotypes HLA- 
DQ and HLA-DP perform similar functions. In the human population, individuals bear 
two to four DR alleles, two DQ and two DP alleles. There are approximately 70 different 

30 allotypes of the DR isotype, 30 different allotypes for DQ and 47 different allotypes for 
DP. The structure of anumber ofDR molecules has been solved and these appear as an 
open-ended peptide binding groove with a number of hydrophobic pockets which engage 
hydrophobic residues (pocket residues) of the peptide [Brown et al Nature (1993) 364: 
33; Stem et al (1994) Nature m 215]. The MHC DR molecule is made of an alpha and 
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a beta chain which insert at their C-tennini through the cell membrane. Each hetero- 
dimer possesses a ligand binding domain which binds to peptides varying between 9 and 
20 amino acids in length, although the binding groove can accommodate a maximum of 
1 1 amino acids, DQ molecules have recently been shown to have an homologous 

5 structure and the DP family proteins are expected to be very similar. Polymorphism 
identifying the different allotypes of the class II molecule contributes to a wide diversity 
of different binding surfaces for peptides within the peptide binding groove and at the 
population level ensures maximal flexibility with regard to the ability to recognise foreign 
proteins and mount an immune response to pathogenic organisms. 

10 An immune response to a therapeutic protein proceeds via the MHC class II peptide 
presentation pathway. Here exogenous proteins are engulfed and processed for 
presentation in association with MHC class II molecules of the DR, DQ or DP type. 
MHC Class II molecules are expressed by professional antigen presenting cells (APCs), 
such as macrophages and dendritic cells amongst others. Engagement of an MHC class n 

15 peptide complex by a cognate T-cell receptor on the surface of the T-cell, together with 
the cross-binding of certain other co-receptors such as the CD4 molecule, can induce an 
activated state within the T-cell. Activation leads to the release of cytokines further 
activating other lymphocytes such as B-cells to produce antibodies or activating T killer 
cells as a full cellular immune response. 

20 T-cell epitope identification is the first step to epitope elimination, however there are few 
clear cases in the art where epitope identification and epitope removal are integrated into 
a single scheme. Thus W098/52976 and WO00/34317 teach computational threading 
approaches to identifying polypeptide sequences with the potential to bind a sub-set of 
human MHC class II DR allotypes. In these teachings, predicted T-cell epitopes are 

25 removed by judicious amino acid substitution within the protein of interest. However 
with this scheme and other computationally based procedures for epitope identification 
[e.g. Godkin, A.J. et al (1998) J. Immunol 161: 850-858; Sturniolo, T. et al (1999) Nat. 
Biotechnol 17: 555-561], peptides predicted to be able to bind MHC class II molecules 
may not function as T-cell epitopes in all situations, particularly in vivo due to the effects 

30 of the processing pathways or other phenomena. In addition, the computational 

approaches to T-cell epitope prediction have in general not been capable of predicting 
epitopes with DP or DQ restriction although in general there is overlap in recognition 
between these systems. 
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Besides computational techniques, there are in vitro methods for measuring the ability of 
synthetic peptides to bind MHC class H molecules. An exemplary method uses B-cell 
lines of denned MHC allotype as a source of MHC class H binding surface and may be 
applied to MHC class H ligand identification [Marshall, K.W. et al (1994) J. Immunol. 
5 152: 4946-4956; O'Sullivan et al (1990) J. Immunol. 145: 1799-1808; Robadey, C. et al 
(1997) J. Immunol. 132: 3238-3246]. However, such techniques are not adapted for the 
screening of multiple potential epitopes against a wide diversity of MHC allotypes, nor 
can they confirm the ability of a binding peptide to function as a T-cell epitope. 

10 Recently techniques exploiting soluble complexes of recombinant MHC molecules in 
combination with synthetic peptides have come into use [Kern, F. et al (1998) Nature 
Medicine 4:975-978; Kwok, W.W. et al (2001) TRENDS in Immunol. 22:583-5881- These 
reagents and procedures are used to identify the presence of T-cell clones from peripheral 
blood samples from human or experimental animal subjects that are able to bind 

15 particular MHC-peptide complexes. These procedures also are not readily adapted for the 
screening of multiple potential epitopes to a wide diversity of MHC allotypes. 

Biological assays of T-cell activation offer a practical option for providing a reading of 
the ability of a test peptide, or whole protein sequence, to evoke an immune response. 
20 Examples of this kind of approach include the work of Petra et al using T-cell 

proliferation assays to the bacterial protein staphylokinase, followed by epitope mapping 
using synthetic peptides to stimulate T-cell lines [Petra. A.M. et al (2002) J. Immunol. 
168: 155-161]. Similarly, T-cell proliferation assays using synthetic peptides of the 
tetanus toxin protein have resulted in definition of immunodominant regions of the toxin 

25 [Reece, J.C. et al (1993) J. Immunol. 151: 6175-6184]. WO99/53038 discloses an 

approach whereby T-cell epitopes in a test protein may be determined using isolated sub- 
sets of human immune cells, promoting their differentiation in vitro and culture of the 
cells in the presence of synthetic peptides of interest and measurement of any induced 
proliferation in the cultured T-cells. The same technique is also described by Stickler et 

30 al [Stickler, M.M. et al (2000) J. Immunotherapy 23: 654-660], where in both instances 
the method is applied to the detection of T-cell epitopes within bacterial subtilisin. Such 
a technique requires careful application of cell isolation techniques and ceU culture with 
multiple cytokine supplements to obtain the desired immune cell sub-sets (dendritic cells, 
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CD4+ and or CD8+ T-cells) and is not conducive to rapid through-put screening using 
multiple donor samples. 

As depicted above and as consequence thereof, it would be desirable to identify and to 
remove or at least to reduce T-cell epitopes from a given in principal therapeutically 
5 valuable but originally immunogenic peptide, polypeptide or protein. One of these 
therapeutically valuable molecules is hirudin. The present invention provides for 
modified forms of human hirudin with one or more T cell epitopes removed. 

Hirudin is a naturally occurring protein with anticoagulant properties. It is a potent and 
10 selective thrombin inhibitor. The polypeptide can be isolated from the medical leech 
Uirudo medicinalis and comprises 65 amino acids residues, contains three disulfide 
bridges and is sulfated at position tyrosine 63. There are several naturally occurring 
isoforms which differ from the original hirudin by amino-acid replacement in various 
positions [Folia Haematol. (1988), 115 : 30]. The protein is readily produced using 
IS recombinant DNA techniques and a number of variants have been prepared and their 
properties tested. In general the sulfate residue on amino acid Tyr 63 is absent in 
recombinant forms of the protein [Biochemistry (1988), 27: 6517, FEBS-Lett. (1988), 
229 : 87; Biochemistry (1989), 28: 2941, DNA (1986), 5:, 511]. 

20 Hirudin reacts with thrombin, forming a 1 : 1 complex at the active site of thrombin 

resulting in inhibition of its proteolytic activity. Preclinical and clinical trials have shown 
that recombinant hirudin is an effective anticoagulant for prevention and treatment of 
venous thromboembolism in patients undergoing elective hip surgery and for patients 
with chronic stable coronary heart disease, acute myocardial infarction, unstable angina 

25 pectoris as an adjunct to coronary angioplasty, and in combination with intracoronary . 
thrombolysis. 

The therapeutic potential of hirudin based thrombin inhibitors has been demonstrated by 
the development of lepirudin [Refludan®, Schering*]: [Leu 1 , Thr*]-63-desulphohirudin 
30 and Desirudin [Revasc®, Aventis*]: [Val 1 , Val 2 ]-63-desulphohirudin, both of which are 
expressed in E.coli, and of Bivalirudin® (Angiomax\ a 20 amino acid oligopeptide 
(DFPJZPGGGGNGDFEEIPEEYL) with a tail fragment of hirudin (shown in italics). 
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A PEGylated version of hirudin is under development with the objective of providing an 
extended circulatory half-life. One such molecule contains a number of key lysine 
residue substitutions (D33K, K36R, K47R) and has two remaining naturally occurring 
lysines K27 and K33 to which PEG residues can be joined [US,5,663,141]. 
5 Despite the availability of therapeutic quantities of hirudin, there is a continued need for 
hirudin analogues with enhanced properties. Desired enhancements include alternative 
schemes and modalities for the expression and purification of the protein, but also and 
especially, improvements in the biological properties of the protein. There is a particular 
need for enhancement of the in vivo characteristics when administered as a therapeutic. 
10 Recent studies [Liebe, V. et al, Seminars in Thrombosis and Hemostasis (2002) 28: 483- 
489] have indicated a high incidence of anti-hirudin antibodies (AHAbs) in patients 
treated with Lepirudin s.c. for more than 5 days. Like other drug-induced antibodies, 
AHAb may be responsible for accumulation or neutralisation of the drug. Current cluneal 
data support this assumption with reports on reduced metabolism, enhanced activity and 
15 accumulationandneutralisationo Analysxsof 
AHAb developed in patients has shown the AHAbs capable of neutralising lepirudin m 
vitro. A ccordmglytherefore,itismgblydesiredtoprovidehiru^ 
absent potential to induce an immune response in the human subject 
It is a particular objective of the present invention to provide modified hirudin proteins m 
20 which the immune characteristic is modified by means of reduced numbers of potential T- 
cell epitopes. 

Others have provided hirudin molecules and in particular recombinant modified hirudin 
for example US,5,180,668 and US,5,663,14l , but none of these teachings recogmse the 
importance of T cell epitopes to the immunogenic properties of the protein nor have been 
25 conceived to directly influence these properties in a specific and controlled way according 
to the scheme of the present invention. 

SUMMARY AND DESCRIPTION OF THE INVENTION 

The present invention provides for modified forms of hirudin, m which the immune 
30 characteristic is modified by means of reduced numbers of potential T-cell epitopes. 

The invention discloses sequences identified within the hirudin primary sequence that are 
potential T-cell epitopes by virtue ofMHC class II binding potential. 
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The invention discloses also specific positions within the primary sequence of the 
molecule which according to the invention are to be altered by specific amino acid 
substitution, addition or deletion whilst retaining to a maximum degree the biological 
activity of the protein. In cases in which the loss of immunogenicity can be achieved only 
5 by a simultaneous loss of biological activity it is possible to restore the activity by further 
alterations within the amino acid sequence of the protein. 

The invention furthermore discloses methods to produce such modified molecules, and 
above all methods to identify the T-cell epitopes which require alteration in order to 
10 reduce or remove immunogenic sites. 

The present invention provides for modified forms of hirudin proteins that are expected to 
display enhanced properties in vivo. The present invention discloses the major regions of 
the hirudin primary sequence that are immunogenic in man and provides modification to 
15 the sequences to eliminate or reduce the immunogenic effectiveness of these sites. 

In one embodiment, synthetic peptides comprising the immunogenic regions can be 
provided in pharmaceutical composition for the purpose of promoting a tolerogenic 
response to the whole molecule. 
20 In a further embodiment, the modified hirudin molecules of the present invention can be 
used in pharmaceutical compositions. 

In summary the invention relates to the following issues: 

• a modified molecule having the biological activity of hirudin and being 

25 substantially non-immunogenic or less immunogenic than any non-modified molecule 
having the same biological activity when used in vivo; 

• an accordingly specified molecule, wherein said loss of immunogenicity is 
achieved by removing one or more T-cell epitopes derived from the originally non- 
modified molecule; 

30 • an accordingly specified molecule, wherein said loss of immunogenicity is 

achieved by reduction in numbers of MHC allotypes able to* bind peptides derived - 
from said molecule; 

• an accordingly specified molecule, wherein one T-cell epitope is removed; 
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• an accordingly specified molecule, wherein said originally present T-cell epitopes 
are MHC class II ligands or peptide sequences which show the ability to stimulate or 
bind T-cells via presentation on class II; 

• an accordingly specified molecule, wherein said peptide sequences are selected 
5 from the group of peptides a-g below wherein; 

a) - LCLCEGSNVCGQGNK, 

b) = SNVCGQGNKCILGSD, 

c) - CGQGNKCILGSDGEK, 
dj - CILGSDGEKNQCVTG, 

10 e) = VTGEGTPKPESHNDG, 

f) = EGTPKPESHNDGDFE , 

g) = PKPESHNDGDFEEIP; 

• an accordingly specified molecule, wherein said peptide sequences are selected 
from the group of peptides as depicted in TABLE 1; 

15 • an accordingly specified molecule, wherein 1-9 amino acid residues, preferably 
one amino acid residue in any of the originally present T-cell epitopes are altered; 

• an accordingly specified molecule, wherein the alteration of the amino acid 
residues is substitution, addition or deletion of originally present amino acid(s) 
residue(s) by other amino acid residue(s) at specific position(s); 

20 • an accordingly specified molecule, wherein, if necessary, additionally further 
alteration usually by substitution, addition or deletion of specific amino acid(s) is 
conducted to restore biological activity of said molecule; 

• a peptide molecule of above sharing greater than 90% amino acid identity with 
any of the peptide sequences a-g above; 

25 • a peptide molecule of above sharing greater than 80% amino acid identity with 
any of the peptide sequences a-g above; 

• a peptide molecule of above sharing greater than 90% amino acid identity with 
any of the peptide sequences of TABLE 1 or TABLE 2; 

a peptide molecule of above sharing greater than 80% amino acid identity with 
30 any of the peptide sequences of TABLE 1 or TABLE 2; 

• peptide sequences as above able to bind MHC class II; 

• an accordingly specified hirudin molecule, wherein one or more of the amino acid 
substitutions is conducted at a position corresponding to any of the amino acids 
specified within any of peptides a-g above; 
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• an accordingly specified hirudin molecule, wherein one or more of the amino acid 
substitutions is conducted at a position corresponding to any of the amino acids 
specified within TABLE 1 or TABLE 2; 

• a pharmaceutical composition comprising any of the peptides or modified peptides 
5 of above having the activity of binding to MHC class II 

• a DNA sequence or molecule which codes for any of said specified modified 
molecules as defined above and below; 

• a pharmaceutical composition comprising a modified molecule having the 
biological activity of hirudin 

10 • a pharmaceutical composition as defined above and / or in the claims, optionally 
together with a pharmaceutically acceptable carrier, diluent or excipient; 

• a method for manufacturing a modified molecule having the biological activity of 
hirudin as defined in any of the claims of the above-cited claims comprising the 
following steps: (i) determining the amino acid sequence of the polypeptide or part 

15 thereof; (ii) identifying one or more potential T-cell epitopes within the amino acid 
sequence of the protein by any method including determination of the binding of the 
peptides to MHC molecules using in vitro or in silico techniques or biological assays; 
(iii) designing new sequence variants with one or more amino acids within the 
identified potential T-cell epitopes modified in such a way to substantially reduce or 

20 eliminate the activity of the T-cell epitope as determined by the binding of the peptides 
to MHC molecules using in vitro or in silico techniques or biological assays; (iv) 
constructing such sequence variants by recombinant DNA techniques and testing said 
variants in order to identify one or more variants with desirable properties; and (v) 
optionally repeating steps (ii) - (iv); 

25 • an accordingly specified method, wherein step (iii) is carried out by substitution, 
addition or deletion of 1 - 9 amino acid residues in any of the originally present T-cell 
epitopes; 

• a T-cell epitope peptide having a potential MHC class II binding activity and 
created from non-modified hirudin, selected from any of the group of sequences in 

30 TABLE 1 and its use for the manufacture of hirudin having substantially no or less 

immunogenicity than any non-modified molecule and having the biological activity of 
recombinant hirdin when used in vivo; 

• a peptide sequence consisting of at least 9 consecutive amino acid residues of a T- 
cell epitope peptide as derived from any of the sequences in TABLE 1 and its use for 
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the manufacture of hirudin having substantially no or less iramunogenicity than any 
non-modified molecule and having the biological activity of a recombinant hirudin 
when used in vivo. 

5 The term "T-cell epitope" means according to the understanding of this invention an 

amino acid sequence which is able to bind MHC class H, able to stimulate T-cells and / or 
also to bind (without necessarily measurably activating) T-cells in complex with MHC 
class II. 

The term "peptide" as used herein and in the appended claims, is a compound that 

10 includes two or more amino acids. The amino acids are linked together by a peptide bond 
(defined herein below). There are 20 different naturally occurring amino acids involved 
in the biological production of peptides, and any number of them may be linked in any 
order to form a peptide chain or ring. The naturally occurring amino acids employed in 
the biological production of peptides all have Ihe L-configuration. Synthetic peptides can 

15 be prepared employing conventional synthetic methods, utilizing L-amino acids, D-amino 
acids, or various combinations of amino acids of the two different configurations. Some 
peptides contain only a few amino acid units. Short peptides, e.g., having less than ten 
amino acid units, are sometimes referred to as "oligopeptides". Other peptides contain a 
large number of amino acid residues, e.g. up to 100 or more, and are referred to as 

20 "polypeptides". By convention, a "polypeptide" may be considered as any peptide chain 
containing three or more amino acids, whereas a "oligopeptide" is usually considered as a 
particular type of "short" polypeptide. Thus, as used herein, it is understood that any 
reference to a "polypeptide" also includes an oligopeptide. Further, any reference to a 
"peptide" includes polypeptides, oligopeptides, and proteins. Each different arrangement 

25 of amino acids forms different polypeptides or proteins. The number of polypeptides-and 
hence the number of different proteins-that can be formed is practically unlimited. 
The invention may be applied to any hirudin species of molecule with substantially the 
same primary amino acid sequences as those disclosed herein and would include therefore 
hirudin molecules derived by genetic engineering means or other processes and may . 

30 contain more or less than 63 amino acid residues. 

According to the methods described herein, the inventors have discovered the regions of 
the hirudin molecule comprising the critical T-cell epitopes driving the immune responses 
to this protein. 
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The general method of the present invention leading to the modified hirudin comprises 
the following steps: 

(a) determining the amino acid sequence of the polypeptide or part thereof; 

(b) identifying one or more potential T-cell epitopes within the amino acid sequence of 

5 the protein by any method including determination of the binding of the peptides to MHC 
molecules vising in vitro or in silico techniques or biological assays; 

(c) designing new sequence variants with one or more amino acids within the identified 
potential T-cell epitopes modified in such a way to substantially reduce or eliminate the 
activity of the T-cell epitope as determined by the binding of the peptides to MHC 

10 molecules using in vitro or in silico techniques or biological assays. Such sequence 
variants are created in such a way to avoid creation of new potential T-cell epitopes by * 
the sequence variations unless such new potential T-cell epitopes are, in turn, modified in 
such a way to substantially reduce or eliminate the activity of the T-cell epitope; and 

(d) constructing such sequence variants by recombinant DNA techniques and testing said 
15 variants in order to identify one or more variants with desirable properties according to 

well known recombinant techniques. 

The identification of potential T-cell epitopes according to step (b) can be carried out 
according to methods described previously in the art* Suitable methods are disclosed in 

20 WO 98/59244; WO 98/52976; WO 00/34317; WO 02/069232 and may be used to 

identify binding propensity of hirudin-derived peptides to an MHC class II molecule. In 
practice, the compositions embodied in the present invention have been derived with the 
concerted application of biological ex vivo human T-cell proliferation assays and a 
software tool exploiting the scheme outlined in WO 02/069232 and which is an 

25 embodiment of the present invention. 

The software simulates the process of antigen presentation at the level of the peptide 
MHC class II binding interaction to provide a binding score for any given peptide 
sequence. Such a score is determined for many of the predominant MHC class II 
30 allotypes extant in the population. As this scheme is able to test any peptide sequence, 
the consequences of amino acid substitutions additions or deletions with respect to the 
ability of a peptide to interact with a MHC class II binding groove can be predicted. 
Consequently new sequence compositions can be designed which contain reduced 
numbers of peptides able to interact with the MHC class II and thereby function as 
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immmunogenic T-cell epitopes. Where the biological assay using any one given donor 
sample can assess binding to a maximum of 4 DR allotypes, the in silico process can test 
the same peptide sequence using >40 allotypes simultaneously. In practice this approach 
is able to direct the design of new sequence variants which are compromised in the their 

5 ability to interact with multiple MHC allotypes. 

By way of an example of this in silico approach, the results of an analysis conducted on 
the entire human hirudin sequence is provided as TABLE 3. Therein are listed 13mer 
peptide sequences derived from hirudin detected to have the capability to bind one or 
more MHC class II allotypes with a significant binding score. Taken in its entirety, this 

10 dataset of 1 3mer peptides is considered to provide with a high degree of certainty, the 
universe of permissible MHC class ligands for the human hirudin protein. For reasons 
such as the requirement for proteolytic processing of the complete hirudin polypeptide 
and other physiologic steps leading to the presentation of hirudin peptides in vivo, it 
would be clear that a relatively minor sub-set of the entire repertoire of peptides will have 

15 ultimate biological relevance. In order to further identify such biologically relevant 
peptides, the inventors have developed an approach exploiting ex vivo human T-cell 
proliferation assays. 

This approach has proven to be a particularly effective method and is disclosed herein as 
an embodiment of the invention. The method can be applied to test part of the sequence, 
20 for example selected regions of the sequence such as a sub-set of hirudin peptides such as 
all or some of those listed in TABLE 3; or the method may be applied to test whole 
hirudin sequence. In the present studies, the method has involved the testing of 
overlapping hirudin-derived peptide sequences in a scheme so as to scan and test the 
complete hirudin sequence. The synthetic peptides are tested for their ability to evoke a 

25 proliferative response in human T-cell cultured in vitro. Where this type of approach is 
conducted using naive human T-cells taken from healthy donors, the inventors have 
established that in the operation of such an assay, a stimulation index equal to or greater 
than 2.0 is a useful measure of induced proliferation. The stimulation index is 
conventionally derived by division of the proliferation score (e.g. counts per minute of 

30 radioactivity if using 3 H-thymidine incorporation) measured to the test peptide by the 
score measured in cells not contacted with a test peptide. 



The present studies have uncovered 7 peptide sequences able to evoke a significant 
proliferative response (i.e. SI>2.0). These peptides are listed in TABLE 1 and are an 
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embodiment of the invention. Within this set of peptides, a further sub-set of 2 peptides 
have been identified which evoke a significant proliferative response in 2 or more 
individual donor samples and for some of theses responses the magnitude of response has 
indeed been significantly higher than SI=2.0. These peptides are listed in TABLE 2 and 
5 are a further embodiment of the invention. 
TABLE 1 : 

hirudin peptide sequences able to stimulate ex-vivo human T-cells. 



-Peptide Sequence 


.Residue # 


LCLCEGSNVCGQGNK 


13 


SNVCGQGNKCILGSD 


19 


CGQGNKCILGSDGEK 


22 


CI LGS DGEKNQCVTG 


28 


VTGEGTPKPESHNDG 


40 


EGTPKPESHNDGDFE 


43 


PKPESHNDGDFEE I P 


46 



TABLE 2 : 

10 hirudin peptide sequences able to stimulate ex vivo human T-cells from 2 or more donor 
samples 



Peptide? 


Residue. ■ 


Peptide Sequence j 


11 


28 


CILGS DGEKNQCVTG 


16 


43 


EGTPKPESHNDGDFE 



TABLE 3 

Hirudin peptide sequences with potential human MHC class U binding activity. Amino 
15 acids are identified using single letter code 

WYTDCTE S GQNL 
QNLCLCEGSNVCG 
LCLCEGSNVCGQG 
SNVCGQGNKC I LG 

20 KC I LGS DGEKNQC 

C I LGS DGEKNQCV 
QCVTGEGT PKPQS 
GDFEEIPEEYLQ 
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The disclosed peptide sequences herein represent the critical information required for the 
construction of modified hirudin molecules in which one or more of these epitopes is 
compromised. Under the scheme of the present,, the epitopes are compromised by 
mutation to result in sequences no longer able to function as T-cell epitopes. It is possible 
5 to use recombinant DNA methods to achieve directed mutagenesis of the target sequences 
and many such techniques are available and well known in the art 

Where it is the objective of this invention to modify the amino acid sequences of at least 
one or more of the above listed peptides from TABLE 1 , it is most preferred to modify 

10 the sequence of one or both of the peptides PI 1 and P16 identified in TABLE 2. 

From the foregoing it can be seen that according to this invention a number of variant 
hirudin proteins can be produced and tested for the desired immune and functional 
characteristic. The variant proteins will most preferably be produced by recombinant 
DNA techniques although other procedures including chemical synthesis of hirudin 

15 fragments may be contemplated. It is a facile procedure to use the protein sequence 
information provided herein to deduce polynucleotides (DNA) encoding any of the 
preferred variant hirudin molecules or fragments. This is most readily achieved using 
computer software tools such as the DNAstar software suite [DNAstar Inc. Madison WI, 
USA] or similar. Any such DNA sequence encoding the polypeptides of the present or. 

20 significant homologues thereof should be considered as embodiments of this invention. 

The invention relates to hirudin analogues in which substitutions of at least one amino 
acid residue have been made at positions resulting in a substantial reduction in activity of 
or elimination of one or more potential T-cell epitopes from the protein. One or more 
25 amino acid substitutions at particular points within any of the potential MHC class H 

ligands identified in TABLE 1 or more preferably peptide epitope sequences of TABLE 2 
and may result in a hirudin molecule with a reduced immunogenic potential when 
administered as a therapeutic to the human host 

30 It is most preferred to provide an hirudin molecule in which amino acid modification (e.g. 
a substitution) is conducted within the most immunogenic regions of the parent molecule. 
For the elimination of T-cell epitopes, amino acid substitutions are preferably made at 
appropriate points within the peptide sequence predicted to achieve substantial reduction 
or elimination of the activity of the T-ceil epitope. In practice an appropriate point will 
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preferably equate to an amino acid residue binding within one of the pockets provided • 
within the MHC class TL binding groove. It is most preferred to alter binding within the 
first pocket of the cleft at the so-called P 1 or P 1 anchor position of the peptide. The 
quality of binding interaction between the PI anchor residue of the peptide and the first 

5 pocket of the MHC class II binding groove is recognised as being a major determinant of 
overall binding affinity for the whole peptide. An appropriate substitution at this position 
of the peptide will be for a residue less readily accommodated within the pocket, for 
example, substitution to a more hydrophilic residue. Amino acid residues in the peptide 
at positions equating to binding within other pocket regions within the MHC binding cleft ■ 

10 are also considered and fall under the scope of the present invention. 

As will be clear to the person skilled in the art, multiple alternative sets of substitutions 
could be arrived at which achieve the objective of removing un-desired epitopes. The 
resulting sequences would however be recognised to be closely homologous with the 
specific compositions disclosed herein and therefore fall under the scope of the present 

15 invention. 

It is understood that single amino acid substitutions within a given potential T-cell epitope 
are the most preferred route by which the epitope may be eliminated. Combinations of 
substitution within a single epitope may be contemplated and for example can be 
particularly appropriate where individually defined epitopes are in overlap with each 

20 other. Moreover, amino acid substitutions either singly within a given epitope or in 

combination within a single epitope may be? made at positions not equating to the "pocket 
residues" with respect to the MHC class II binding groove, but at any point within the • 
peptide sequence. Substitutions may be made with reference to an homologues structure 
or structural method produced using in silico techniques known in the art and may be 

25 based on known structural features of the molecule according to this invention. All such 
substitutions fall within the scope of the present invention. 

Amino acid substitutions other than within the peptides identified above may be 
contemplated particularly when made in combination with substitution^) made within a 
30 listed peptide. For example a change may be contemplated to restore structure or 

biological activity of the variant molecule. Such compensatory changes and changes to 
include deletion or addition of particular amino acid residues from the hirudin 
polypeptide resulting in a variant with desired activity and in combination with changes in 
any of the disclosed peptides fall under the scope of the present. 
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In as far as this invention relates to modified hirudin, compositions containing such 
modified hirudin proteins or fragments of modified hirudin proteins and related 
compositions should be considered within the scope of the invention. A pertinent 
example in this respect could be development of peptide mediated tolerance induction 

5 strategies wherein one or more of the disclosed peptides is adniinistered to a patient with 
immunotherapeutic intent. Accordingly, synthetic peptides molecules, for example one of 
more of those listed in TABLE 1, are considered embodiments of the invention. In 
another aspect, the present invention relates to nucleic acids encoding modified hirudin 
entities. In a further aspect the present invention relates to methods for therapeutic 

10 treatment of humans using the modified hirudin proteins. In a further aspect still, the 
invention relates to methods for therapeutic treatment using pharmaceutical preparations 
comprising peptide or derivative molecules with sequence identity or part identity with 
the sequences herein disclosed. 
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1 . A modified hirudin molecule being substantially non-immunogenic or less 
immunogenic than non-modified hirudin and having essentially the same 
biological specificity and activity when used in vivo, comprising specifically 
altered amino acid residues compared with the non-modified parental molecule, 
wherein said altered amino acid residues cause a reduction or an elimination of 
one or more of T-cell epitopes which act in the parental non-modified molecule 
as MHC class II binding ligands and stimulate T-cells. 

2. A modified hirudin molecule according to claim 1, wherein said alterations are 
made at one or more positions within one or more of the strings of contiguous 
amino acid residues present in the parental molecule as depicted in Table 1 . 

3. A modified hirudin molecule according to claim 2, wherein said alterations are 
made at one or more positions within one or more of the strings of contiguous 
amino acid residues present in the parental molecule as depicted in Table 2. 

4. A modified hirudin molecule according to claim 1, wherein said alterations are 
made at one or more positions within one or more of the strings of contiguous 
amino acid residues present in the parental molecule as depicted in Table 3. 

5. A modified hirudin molecule according to any of the claims 1 to 4, wherein said 
alterations are substitutions of 1 - 9 amino acid residues. 

6. A modified hirudin molecule according to any of the claims 1 to 5, wherein 
when tested as a whole protein in a biological assay of induced cellular 
proliferation of human T-cells exhibits a stimulation index (SI) smaller than the 
parental molecule and smaller than 2 tested in parallel using cells from the same 
donor wherein said index is taken as the value of cellular proliferation scored 
following stimulation by the protein and divided by the value of cellular 
proliferation scored in control cells not in receipt of protein and wherein, cellular 
proliferation is measured by any suitable means. 
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7. A DNA sequence coding for a hirudin molecule as defined in any of the claims 1 
to 6. 

8. A pharmaceutical composition comprising a modified hirudin molecule of any 
of the preceding claims, optionally together with a pharmaceutically acceptable 
carrier, diluent or excipient. 

9. A peptide molecule selected from Table 1, 2 or 3 having a potential MHC class 
II binding activity and created from the primary sequence of non-modified 
hirudin, whereby said peptide molecule has a stimulation index of > 1.8 in a 
biological assay of cellular proliferation, wherein said index is taken as the value 
of cellular proliferation scored following stimulation by a peptide and divided by 
the value of cellular proliferation scored in control cells hot in receipt peptide 
and wherein cellular proliferation is measured by any suitable means. 

10. A modified peptide molecule deriving from the peptide molecule of claim 9 by 
amino acid substitution, having a reduced or absent potential MHC class II 
binding activity expressed by a stimulation index of less than 2, whereby said 
index is taken as the value of cellular proliferation scored following stimulation 
by a peptide and divided by the value of cellular proliferation scored in control 
cells not in receipt peptide and wherein cellular proliferation is measured by any 
suitable means. 

1 1 . A DNA sequence coding for a peptide of claim 9 or 1 0. 

12. Use of a modified peptide according to claim 10 for the manufacture of a 
modified hirudin molecule as defined in claim 1. 

13. Use of a peptide according to claim 9 for the manufacture of a vaccine in order 
to reduce immunogenicity to hirudin in a patient 
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ABSTRACT 

The invention relates to the modification of hirudin to result in hirudin proteins that are 
substantially non-immunogenic or less immunogenic than any non-modified counterpart 
when used in vivo. The invention relates furthermore to T-cell epitope peptides derived 
from said non-modified protein by means of which it is possible to create modified 
hirudin variants with reduced immunogenicity. 



